Background: Disability is a concern in the context of population ageing. The extent of an individual's disability is a major determinant of whether or not they require long-term care or survival time. We investigated the effect of three disability domains as predictors of all-cause mortality over 15-year follow-up in a Brazilian socioeconomically disadvantaged and multiracial older adult population.
Introduction
Population aging, which is happening very fast in Brazil and in other developing countries, is associated with an increased number of older adults with disabilities (Kinsella & He, 2009 ). This scenario leads to depression, reduction in social participation (Stuck, Walthert, Nikolaus, Büla, Hohmann, & Beck, 1999) , institutionalization, hospitalization (Gill, Gahbauer, Murphy, Han, & Allore, 2012) and risk of death (Hennessy et al., 2015; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013) . Previous evidence showed a wide range of results about the prognostic value of disability on mortality among older adults, with important differences, especially on the strength of the association between different types of disability and sex (Doblhammer & Hoffmann, 2009; Hardy, Kang, Studenski, & Degenholtz, 2011; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Nybo et al., 2003; Pongiglione, De Stavola, Kuper, & Ploubidis, 2016; Pudaric, Sundquist, & Johansson, 2003; Stineman et al., 2012; Takata et al., 2013; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013; Tsuji et al., 1995) .
Disability is often measured by a difficulty or inability to perform Basic Activities of Daily
Living (BADLs) (Katz, Ford, Moskowitz, Jackson, & Jaffe, 1963) , Instrumental Activities of Daily Living (IADLs) (Lawton & Brody, 1969) and mobility tasks (Nagi, 1976) . These domains are part of a hierarchical model of developing disabilities in older adults. The first domain to be compromised is mobility, followed by IADL and then BADL (Barberger-Gateau, Rainville, Letenneur, & Dartigues, 2000; Chen, Wang, Lee, Tang, Chu, & Suen, 2010; Harris, Kovar, Suzman, Kleinman, & Feldman, 1989) .
Previous research conducted in developed countries showed the effect of disability on mortality rates (Hardy, Kang, Studenski, & Degenholtz, 2011; Hennessy et al., 2015; Nybo et al., 2003; Pudaric, Sundquist, & Johansson, 2003; Stineman et al., 2012; St Johon, Tyas, Menec, & Tate, 2014; Takata et al., 2013; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013) . However, most of these studies evaluated just one specific domain of disability (Nybo et al., 2003; Hardy, Kang, Studenski, & Degenholtz, 2011; Pudaric, Sundquist, & Johansson, 2003; Stineman et al., 2012; Takata et al., 2013; Tsuji et al., 1995) and few studies have included two disability measures (Hennessy et al., 2015; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013; van Houwelingen et al., 2014) . Therefore, the possible differences in the effects of these domains on mortality are not clear. Furthermore, BADL is the most exploited domain, with few studies including IADLs and mobility tasks (Hardy, Kang, Studenski, & Degenholtz, 2011; Hennessy et al., 2015; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Pudaric, Sundquist, & Johansson, 2003; Stineman et al., 2012; Takata et al., 2013; van Houwelingen et al., 2014) , which are domains affected earlier and, therefore, with greater potential for intervention (Barberger-Gateau, Rainville, Letenneur, & Dartigues, 2000; Chen, Wang, Lee, Tang, Chu, & Suen, 2010) . To our knowledge, just one community-based study among elderly living in France showed that a disability hierarchical scale, including BADL, IADL and mobility, was significantly associated with mortality rate at 3 and 5 years follow-up, (Barberger-Gateau, Rainville, Letenneur, & Dartigues, 2000) . However, this analysis did not consider potential confounders.
In addition, it is also important to note that some previous findings indicated that the mortality risk associated with disability were stronger among men than women (Doblhammer & Hoffmann, 2009; Drumond Andrade, Guevara, Lebrão, de Oliveira Duarte, & Santos, 2011; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013) , although women report a higher prevalence and incidence of disability (Murtagh & Hubert, 2004; Oksuzyan, Juel, Vaupel, & Christensen, 2008; Pongiglione, De Stavola, Kuper, & Ploubidis, 2016) .
Most of the studies mentioned were performed in developed countries and there is no consistent evidence among older adults living in low and middle-income countries, characterized by high racial miscegenation and social inequality. Brazil, the largest Latin American country, offers a valuable opportunity to explore this issue. To our knowledge, only two population-based studies among older adults were conducted in Brazil, which included just BADL, and showed a significant association between baseline disability and mortality (Lima-Costa, Peixoto, Matos, Firmo, & Uchôa, 2011; Ramos, Simões, & Albert, 2001) . Another study was conducted among elderly enrolled in the Family Health Program, who used the primary care services, and found an association between inability to perform BADL and IADL and mortality (Ferreira, Coimbra, Falsarella, Costallat, & Coimbra, 2016) . Therefore, this study aimed to investigate the effect of three domains of disability on all-cause mortality over 15-year of follow-up in a Brazilian socioeconomically disadvantaged and multiracial older adult population.
Additionally, we evaluated the potential differences in the magnitude of risk between different domains and sex.
Methods

Study population
Data came from the Bambuí Cohort Study of Ageing, which is ongoing in Bambuí, a city of approximately 15,000 inhabitants, located in the southeastern Brazil. This cohort study was designed and developed to investigate predictors of adverse health outcomes in an elderly Brazilian population with low schooling and income levels and in epidemiological transition (Lima-Costa, Firmo & Uchoa, 2011; de Oliveira, Marmot, Demakakos, Mambrini, Peixoto, & Lima-Costa, 2016) . Brazil has transitioned from a low-income, primarily rural country in the mid-1950s, to one of the largest economies in the world, with 84% of the population living in urban areas by 2010. However, cohort participants were born before 1960, and they have experienced dramatic political and social changes during their lifetime, leading to low levels os schooling (Lima-Costa, De Oliveira, Macinko & Marmot, 2012; IBGE, 2011) .
The baseline cohort population were identified by the census conducted in the community in 1996. All residents aged 60 years and over on January 1 st 1997 were eligible to participate in the baseline survey. Of the 1,742 inhabitants, 1,606 (92.2%) were interviewed and 1,496 (85.8%) were examined.
Baseline data collection included interviews, physical examination and blood collection. The cohort participants were visited annually and had a face-to-face interview and verification of deaths. Detailed information on this cohort can be found elsewhere. 
Mortality data source
Deaths occurring from study enrollment to December 31, 2011, were considered in this analysis.
Deaths were reported by next of kin during the annual follow-up interview and were ascertained through the Brazilian mortality information system from the Brazilian Ministry of Health. The death certificates were obtained for 98.9% of the individuals.
Disability Measures
Disability was assessed using three domains: mobility, IADL and BADL. Self-reported limitations in any activity of each disability domain were collected at baseline. The following mobility tasks were considered: walking about two or three blocks; climbing steps; stooping, crouching and kneeling; and lifting or carrying weights (5kg) (Nagi, 1976; Webber, Porter, & Menec, 2010) . The IADL included the following activities: preparing meals; money management; shopping; housekeeping; and use of public transportation (Lawton & Brody, 1969) . Finally, the BADL included: getting up from a chair without arms; getting in or out of bed; eating, bathing, dressing; and being able to go to the toilet in time (Katz, Ford, Moskowitz, Jackson, & Jaffe, 1963) .
All domains of disability were categorized into no difficulty, some difficulty, great difficulty
and not able to perform the activity. Further, the responses were classified into two groups: no difficulty/some difficulty and great difficulty/not able. Therefore, disability was defined as a report of great difficulty or not able to perform one and two or more items considered in each domain of disability.
No difficulty or some difficulty was considered as a reference category.
Covariates
Covariates comprised baseline socio-demographic characteristics (age, gender, education and marital status), health behaviours (current smoking, alcohol consumption and physical activity) and health indicators (systolic blood pressure, fasting glucose, total cholesterol, Trypanosoma cruzi infection, cognitive functioning, body mass index, heart attack, stroke, angina and arthritis). These potential covariates were selected based on the previous study of the association between disability and mortality (Hennessy et al., 2015; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013; Lima-Costa, Peixoto, Matos, Firmo, & Uchôa, 2011; Murtagh & Hubert, 2004; Nybo et al., 2003) .
Current smokers were participants who had smoked at least 100 cigarettes during their lifetime and continue smoking at the time of interview. The use of alcohol was evaluated by consumption, in any amount, in the twelve months preceding the interview. Information on participation in physical activity was obtained at baseline cohort questionnaire consisting of questions about physical activities in the preceding 90 days. The level of physical activity was calculated based on the oxygen consumption for each reported activity, which allowed quantify energy expenditure in METs (metabolic equivalente task), according to the compendium of physical activity (Ainsworth et al., 2011) . Thus, it was considered physically inactivite the older adults with energy expenditure less than 450 MET-minutes/week. Further details on the assessment of physical activity in Bambuí Cohort members were reported in a previous publication (Ramalho, Lima-Costa, Firmo, & Peixoto, 2011) .
The BMI was calculated from the ratio between the weight (kg) and height squared (m 2 ) and was used as a continuous variable. (Rose, 1962) were assessed by a standardized questionnaire, while the medical diagnostic of heart attack and arthritis were assessed by a self-reported question. Systolic blood pressure was defined as the average of the last two measurements, among the three collected using a standardized protocol. Fasting blood glucose and total cholesterol was determined in the laboratory with standard enzymatic methods.
The interviews were conducted in the participants' homes and the physical examination and collection of blood samples were performed at the project's health clinic, except if the participant could not leave their home. Blood samples were collected after a recommended 12 hours of fasting and all procedures were conducted by interviewers and technicians previously trained. Further details can be seen elsewhere (Lima-Costa, Firmo, & Uchoa, 2011).
Statistical Analysis
The distribution of all variables considered in this study was performed for the whole population and also by gender. The association of these variables with gender was based on Pearson's chi-square test to compare frequencies, Student's t test to compare means and Mann-Whitney test to compare medians. The crude mortality rates were estimated using person-years at risk (pyrs) as the denominator for each disability measured and gender.
The adjusted analysis of the association among the three disability measurements and mortality were based on estimates of the Hazard Ratio (HR) and their 95% confidence interval, using the Cox proportional hazards models, confirming the proportionality of risk over time, based on Schoenfeld residuals. For each disability measure, three models with progressive adjustments and an interaction term between disability and gender were constructed. Therefore, the results were presented for the total population (without the interaction term) and for each gender (considering the interaction term). For models with interaction term the HR and confidence intervals were estimated for linear combination. In We also performed a sensitivity analysis to verify the possible influence of disability in BADL, the most severe group according to hierarchical approach (Ramos et al., 2013) on estimates of the Hazard Ratio (HR) for disability in IADL and in mobility tasks. The IADL group was not excluded from the mobility model, because the hierarch between these two domains of disability may not be linear, considering that mobility is broadly defined as the ability to move both indoor and outdoor and, therefore has a strong relation with the IADL (Barberger-Gateau, Rainville, Letenneur, & Dartigues, 2000; Webber, Porter, & Menec, 2012) .
Statistical analyses were performed using version 13.0 Stata statistical software (StataCorp, College Station, TX USA).
Results
Of the 1,606 participants at baseline, 1,333 (83.0%) had complete information on all variables included in this analysis. During the mean follow-up time of 10.9 years, 50.4% (672) of the population died and 8.2% (110) of participants were lost (their vital status could not be assessed), leading to 14,573
person-years of observation. The overall mortality rate was 46.1 per 1,000 pyrs, and it was higher among men (54.5 per 1,000 pyrs), compared to women (41.2 per 1,000 pyrs). For both sexes, the mortality rate was higher among those who reported one or two or more disabilities in mobility tasks, IADL and BADL, as compared with the group whitout disability in these activities (Table 2 ).
Adjusted hazard ratios and 95% confidence intervals for 15-year all-cause mortality, in each disability domain and by sex, are shown in Table 3 . Considering all participants, the fully adjusted model
showed an increased risk of death among participants who reported disabilities in two or more activities in mobility, IADL and BADL for two or more limitations in mobility tasks and IADL, respectively.
Discussion
This study investigated the prognostic value of three domains of disability by gender, in a Brazilian socioeconomically disadvantaged and multiracial older adult population. The results showed that: (1) disability is an important prognostic factor for all-cause mortality in this population and the potential confounders had small impact in this association; (2) there was no evidence for an important difference in the prognostic value of disability on mortality between these domains and by gender, although this association was slightly stronger among men; (3) the influence of BADL on the association between mobility or IADL and mortality was not significant and it could not explain the significant associations found.
The association between BADL and IADL disability and mortality observed in Bambuí is consistent with some studies conducted in developed countries, such as United States (Fried et al., 1998; Hennessy et al., 2015; Stineman et al., 2012 ), Canada (St Johon, Tyas, Menec, & Tate, 2014 , Japan (Takata et al., 2013; Tsuji, et al., 1995) and Europe (Pudaric, Sundquist, & Johansson, 2003; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013; van Houwelingen et al., 2014) . On the other hand, this evidence was not observed among elderly over 80 years old, living in Italy (Cesari et al., 2008) There is little evidence about the effect of limitations in mobility tasks on all-cause mortality, and a significant association was found only among older adults living in United States (Hardy, Kang, Studenski, & Degenholtz, 2011 ), Canada (St Johon, Tyas, Menec, & Tate, 2014 and Europe (Tiainen, Luukkaala, Hervonen, & Jylhä, 2013) . The significant association between walking speed and survival reinforces our findings . This fact can be explained by the ideia that when walking the body requires energy, movement control, support and needs the functioning of various organs, including the heart, lungs and systems (circulatory, nervous and musculoskeletal) . This evidence could explain the association observed for both sexes among older adults from Bambuí, even after adjustment for potential confounders. It could also highlight the potential predictive value of these limitations as a good indicator of survival among older adults.
The difference of the magnitude of the association between each domain of disability and mortality in the same population has been poorly explored in the literature. Some studies considered diferent domains in a single scale of disability and showed an important gradient between severity of physical limitation and mortality risk (Barberger-Gateau, Rainville, Letenneur, & Dartigues, 2000; Ramos, Simões, & Albert, 2001; St Johon, Tyas, Menec, & Tate, 2014) . This gradient could also be found when two domains were analysed separarately, but with the same magnitude for each domain, (Hennessy et al., 2015; Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011; Tiainen, Luukkaala, Hervonen, & Jylhä, 2013) as observed in Bambuí. Therefore, our results suggest that the severity of physical limitation (number of activities with great difficulty/not able to perform in this study) is more important to predict all-cause mortality over 15-year of follow-up than considering different domains or the combinations of these domains in a single scale, as observed in some studies. This point was reinforced by our sensitivity analysis, which showed that the exclusion of the group with BADL disability had a small impact on the predictive value of physical limitation in mobility tasks and IADL limitations on mortality risk. This result demonstrate that the risk of death associated with IADL limitations and mobility tasks could not be explained by the presence of BADL disability in this group, which are considered of greater severity.
The possible differences between sexes in the association between disability in all domains and mortality risk were poorly investigated in previous studies. In Bambuí, when gender was considered as a potential effect modifier, only in the first model the interaction term was significant (p<0.05) for the three domains, with the strongest association observed among men, but this interaction was not significant after adjustment for confounders, and the association was just slightly stronger among men in the final models. Similarly, a nine year follow-up study with participants over 90 years of age living in Finland showed that dependency in mobility and BADL was more strongly associated with mortality among men than women (Tiainen, Luukkaala, Hervonen, & Jylhä, 2013) . On the other hand, similar effect in both sexes was observed for BADL and mobility among elderly from Netherlands (Majer, Nusselder, Mackenbach, Klijs, & van Baal, 2011) and in the elderly's cohort older than 90 years old living in Denmark, for disability in BADL (Nybo et al., 2003) .
Usually women experience higher rates of disability, despite living longer than men (Camargos, Perpetuo, & Machado, 2005; Drumond Andrade, Guevara, Lebrão, de Oliveira Duarte, & Santos, 2011; Dunlop, Hughes, & Manheim, 1997; Hardy, Allore, Guo, & Gill, 2008; van Houwelingen et al., 2014) .
This high frequency of disability among older women can be due to the high incidence and long duration of the limitation in performance BADL, resulting in low rates of recovery and mortality, compared to men (Dunlop, Hughes, & Manheim, 1997; Hardy, Allore, Guo, & Gill, 2008) . A recent analysis using data from the English Longitudinal Study of Ageing (ELSA) suggests that higher disability proportion among women can be a function of longer survivorship with disability rather than higher incidence and these differences between sexes could not be explained by gender-specific health conditions, body structure or by definition of disability itself (Pongiglione, De Stavola, Kuper, & Ploubidis, 2016) . This pattern may have been reproduced in Bambuí, when we observed a more consistent association between disability and mortality among men, and suggest that other mechanisms may explain the pathway between disability and mortality in each sex (Pongiglione, De Stavola, Kuper, & Ploubidis, 2016) .
Therefore, it is important to explore this fact further.
This study has some limitations. As in all cohort studies, selective survival before entering into the cohort must be considered. In addition, changes over time in exposure status and health status were not investigated. This limitation, however, do not preclude our conclusion that, despite eventual unmeasured changes over time, baseline disability is an independent predictor for mortality in this population. Another important point to highlight is that there is no single method for assessing functional capacity and this makes it difficult to compare the results due to the diversity of instruments and cutoff points. On the other hand, the Bambui Cohort Study of Aging is a long-term population-based cohort study, with a high response rate at the baseline and minimal losses during follow-up (8.3%). Data were obtained by trained professionals and by standard techniques. Deaths during the 15-year follow-up period were confirmed through the information system on mortality and all potential confounding factors that could influence disability and mortality were considered. It should be noted that most of the literature on disability has been produced in developed countries. Therefore, our findings can contribute to a better understanding of this process among poor socioeconomic circunstances providing new insights for the international literature. However, further studies are needed to verify whether the pattern found in the Bambui Cohort Study can be generalized to other communities.
To our knowledge, this is the first study conducted in a Latin-american country, which investigated the burden of three different domains of disability on mortality, considering a wide range of covariates and possible gender differences. The results indicated similar risk of death for mobility, IADL and BADL in both sexes, suggesting that any of these domains can be used appropriately to identify risk of all-cause mortality among older adults, irrespective of sex and hierarchical structure of these domains. The number of activities with limitations was an important factor. Thus, vulnerable groups of older adults i.e. with functioning limitations should be monitored by the health system, aiming at reducing the risk of death.
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